1. Introduction
===============

Acute myocardial infarction (AMI) is not only a severe type of coronary heart disease (CHD), but also one of the leading causes of death and physical disability, particularly in the rapidly growing population of elderly persons.^\[[@R1]\]^ Although the percutaneous coronary intervention (PCI) reduced the mortality, enabling discharged patients to restore their health, and return to the society is still a public health problem to be solved in the current situation.^\[[@R2]\]^

Community-based cardiac rehabilitation (CR) shows to be a cost-effective intervention and an indispensable component of the canonical rehabilitation.^\[[@R3]\]^ At present, CR is still the short board in the overall treatment of CHD. The development of community-based CR in AMI patients is still unsatisfactory, \<25% of outpatients have been reported to enroll in CR, with \<10% in elderly patients,^\[[@R4]\]^ within this small number of patients participating in CR, 30% to 40% of patients discontinued CR after 6 months, with up to 50% dropping out after 1 year.^\[[@R5]\]^ The aim of this study was to explore exercise rehabilitation program\'s safety, effectiveness, and feasibility and to establish a simple and operable technology which can be carried out by general practitioners (GPs) in AMI patients.

2. Methods
==========

2.1. Subjects
-------------

We enrolled 130 consecutive patients (17 women and 113 men, age 45--81 years, mean age 70.1 years) whom were admitted to the outpatient clinic after successful PCI for ST-segment elevated myocardial infarction (STEMI) between January 2010 and December 2012. They were excluded in both groups if they had^\[[@R6]\]^: the large area of myocardial infarction, heart failure, acute systemic illness, systolic blood pressure (BP) \>180 mmHg at rest, diastolic BP \>110 mmHg at rest, acute metabolic disorders, uncontrolled malignant arrhythmia, and skeletal vascular disease. The patients who refused to give their informed consent to the exercise program were excluded in both groups. The study protocol was approved by the local ethics committee, and written informed consent was obtained from the participants. All included patients had no obvious difference in age and gender (*P* \> .05). The general data of 2 groups of patients are shown in Table [1](#T1){ref-type="table"}.
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Baseline differences between rehabilitation and control groups.
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2.2. Exercise training program
------------------------------

The community-based CR was regularly supervised by GPs. The control group was given the usual care and conventional drug therapy after PCI. The examinational group was given the CR on the basis of the routine therapy. GPs formulated individualized program of aerobic exercise, which depended on the patients' clinical condition and the cardiovascular risk stratification. CR could be performed on outpatients at their homes or at specialized rehabilitation facilities in the community. This could be supervised by GPs and accompanied by family members. Phase II CR should be optimally initiated at the second week after patients were discharged, which had 2 courses, each course required 3 to 4 weeks. The most available and simple form of exercise was walking, however, other forms of aerobic exercises were acceptable. The following approaches were used in CR to set the acceptable workload: heart rate (HR) was acceptable lower than 130 bpm or resting HR plus 30 bpm, exercise intensity could be measured subjectively by the Borg scale. The recommended rating of perceived exertion (RPE) score was no more than 11 to 15, from the beginning 50 kcal/time to the next course 250 to 300 kcal/time. The patients should exercise 2 to 3 times/wk, they could take interval or continuous training for 15 to 30 minutes. Regardless of the form of physical activity, the main training session of phase II and III would start following a 10-min warm-up, and finish with a 10-min cool-down exercise. HR, BP, energy consumption, movement distance, and RPE were supervised by the GPs before and after the exercise. Phase III started from the 3rd month to 1 year (in our study the endpoint was the 6th month). The target HR was 60% to 75% of the maximal HR, the RPE score was no more than 12 to 16, and exercise intensity was 300 to 400 kcal/time. The intensity was 30 to 45 min/time, not less than 3 to 5 times a week. Phase II and III exercise should be terminated or modified if the patient had any uncomfortable symptoms.^\[[@R6]\]^ In this study, we monitored the exercise capacity by a 6-minute walk test (6-MWT) in rehabilitation group, by using a pedometer (model for Japanese omron MBB-HJ-105) to record the total effective steps, the distance, and the calories (kcal). Out-of-hospital early rehabilitation (Phase II, end of 2nd month): started from the second week after discharge from hospital, for a total of 2 courses, 1 course lasting 3 to 4 weeks; out-of-hospital late rehabilitation (Phase III, end of 6th month): started from the 3rd month to the 6th month. We examined the left ventricular ejection fraction (LVEF) by the echocardiography and detected the cardiovascular risk factors, including body mass index (BMI), BP, lipid, blood sugar (BS) levels, myocardial necrosis markers in the course of 2nd month (phase II) and 6th month (phase III).

2.3. Statistical analysis
-------------------------

EpiData 3.1 (The Epidata Association, Odense, Denmark) statistical software was used for database design and data entry. Data were reported as mean and standard deviation. Within-group and between-group analyses were performed. Measurement data between groups were analyzed using the *t* test, one-way analysis of variance or repeated measures analysis of variance. Comparison of categorical variables was generated by the Pearson χ^2^ test. Statistical comparisons were performed using SPSS, version 16.0 software (SPSS Inc., Chicago, IL). The data of the same group before and after the intervention were compared using paired *t* test, paired χ^2^ test or paired rank sum test. The results were considered statistically significant at a *P* \< .05.

3. Results
==========

3.1. All 130 subjects completed the study
-----------------------------------------

As shown in Table [2](#T2){ref-type="table"}, no significant differences were found between the 2 groups in terms of all causes mortality, reinfarction, and malignant arrhythmia (*P* \> .05). Compared with the control group, patients in the rehabilitation group experienced less post infarction angina (*P* = .002), and a lower rehospitalization rate (*P* \< .001).
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Comparison of the cardiovascular event incidence in 2 groups.
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3.2. Comparison of the 2 groups with heart function
---------------------------------------------------

### 3.2.1. Results of echocardiography between the 2 groups

No significant difference was shown in the left ventricular ejection fraction (LVEF) between the 2 groups when they were discharged. The LVEF of patients from rehabilitation group significantly increased compared with control group after rehabilitation, the repetitive measure analysis of variance was used, the results showed that different rehabilitation periods existed significant differences in the rehabilitation group (*F* = 20.26, *P* \< .05), whereas there was no significant difference in the control group (*F* = 1.097, *P* \> 1.097) (Table [3](#T3){ref-type="table"}).
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Comparison of LVEF in 2 groups.
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### 3.2.2. Comparison of the 2 groups in NYHA classification

Before cardiac rehabilitation, the New York Heart Association (NYHA) classification of most of the patients from the 2 groups was below class III, some individual patients were classified as class IV, 3 cases in the rehabilitation group and 4 cases in the control group. After comprehensive rehabilitation, the patients in the rehabilitation group were all restored to class II, the difference was statistically significant compared with before (*Z* = 7.238, *P* \< .001). Meanwhile, the NYHA classification of patients form control group also achieved improvement (*Z* = 4.123, *P* \< .001) compared with former result, but there were still 3 cases classified as class IV, 18 cases of class III (Table [4](#T4){ref-type="table"}).
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Comparison of the NYHA classification in 2 groups.
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3.3. Results of 6-MWT of the 2 groups
-------------------------------------

Before cardiac rehabilitation, there was no significant difference in 6-MWT between the 2 groups. After the intervention, the rehabilitation group made a faster progress than the control group in the walking distance in phase II and III, significant differences were found between the phases (Table [5](#T5){ref-type="table"}). Repeated measures analysis of variance showed that walking distances of the 2 groups all obviously increased. However, during different phase, the 2 groups showed significant difference in walking distance which was more obvious in the rehabilitation group (*F* = 50.414, *P* \< .001).

###### 

Comparison of the 6 minutes walking distance in 2 groups.
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3.4. Results of pedometer records of rehabilitation group
---------------------------------------------------------

The rehabilitation group recorded the patients' steps and walking time to observe exercise intensity and progress at different time by using a pedometer. Before rehabilitation intervention, patients' aerobic exercise time and walking distances were all short. After the rehabilitation, during phase II and III, the steps increased gradually to reach the exercise requirements (Table [6](#T6){ref-type="table"}). Repeated measures analysis of variance showed significant differences in walking time and steps between different phases (*P* \< .001).

###### 

Comparison of the exercise time and the number of steps in different periods.
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3.5. Comparison of cardiovascular risk factors
----------------------------------------------

When discharged, 2 groups of patients had no significant differences in BMI, BP, BS, lipids, and other clinical indicators. After the rehabilitation, those indicators of patients from the rehabilitation group had significantly improved compared with control group (*P* \< .05) (Tables [7](#T7){ref-type="table"} and [8](#T8){ref-type="table"}).
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Comparison of cardiovascular risk factors in 2 groups before rehabilitation.
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###### 

Comparison of cardiovascular risk factors in 2 groups after rehabilitation.
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3.6. Comparison of 2 groups with myocardial necrosis markers
------------------------------------------------------------

There was no statistical difference of creatine kinase (CK) and its isoenzyme MB (CKMB), cardiac troponin-I (cTnI), C-reactive protein (CRP) between the 2 groups, and the myocardial necrosis markers were all in the normal range during the period.

4. Discussion
=============

The treatment of AMI has reached a higher level, but the CR is still hysteretic in the whole treatment, and the studies on community rehabilitation are rarely reported. After 50 years of research and development, the benefit of CR was now fully supported by clinical research evidence. Meta-analysis confirmed that exercise-based CR was associated with significant reductions in cardiac mortality, post-MI reinfarction, and all cause mortality.^\[[@R7]--[@R10]\]^ Mortality was negatively correlated with the participation time of rehabilitation. As an independent intervention factor after myocardial infarction, CR can reduce the incidence of cardiac events and mortality, significantly improve patient\'s body function (e.g., vo2 Max)^\[[@R11],[@R12]\]^ and their quality of life.^\[[@R13],[@R14]\]^

The conception of CR has been gradually applied in clinical treatment. It was clearly put forward in the 5 prescriptions in Chinese expert consensus about rehabilitation and secondary prevention of coronary heart disease,^\[[@R15]\]^ which was consisted of medication, exercise, psychological counseling, education, and smoking cessation. As a core part, exercise rehabilitation has many advantages, such as reducing the vascular inflammation,^\[[@R16]\]^ enhancing vascular endothelial function, and increasing the coronary collateral blood flow.^\[[@R17],[@R18]\]^ It has been confirmed that exercise rehabilitation could significantly reduce the incidence of in-stent restenosis for AMI patients who underwent PCI.^\[[@R19]\]^ Community-based rehabilitation supervised by GPs is not widely used because of lacking in convenient and feasible technology. This study was to explore possible ways to be carried out in the community. The pedometer method was implemented for exercise rehabilitation with quantitative monitoring, the 6-MWT and the RPE index were used to evaluate AMI patients' exercise capacity. The formulation of exercise prescription was based on the evaluation of risk stratification of CHD, heart function, physical storage, and the general condition of the patients and their preferences. Through phase II and III of exercise rehabilitation, the LVEF and NYHA classification were significantly improved.

6-MWT is safe, reliable, and also has practical value. It is an objective examination to evaluate the exercise tolerance and exercise capacity of AMI patients in the community, and it can assess the extent of patients' recovery during the rehabilitation.^\[[@R20]\]^ Instead of using the submaximal exercise test, the low power 6-MWT is simpler and safer which is more similar to the patients' daily activities and encourage more patients to take part in. Our study was a community-based rehabilitation program, so the technical monitoring method was based on the implementation of the conditions, the level of health services and patients' health situation. Therefore, 6-MWT and the RPE index were used to evaluate AMI patients' exercise capacity and the methods were used to guide the rehabilitation. The results of this study reflected the patients' physical changes after the rehabilitation, and cardiac adverse events did not occur in the trial. Therefore, we believed that this method could be used to evaluate the cardiac function and physical fitness under close monitoring, and to guide the formulation and adjustment for the exercise prescription.

Walking is the most popular, basic, and important physical activity. The Pedometer is the most important tool as an intervention to heighten physical activities. Pedometer can record the steps in a day, and convert the data to corresponding kilometer and consumed energy. Patients can know their rehabilitation progress with the help of a pedometer. They can adjust exercise intensity and increase the confidence of rehabilitation. Besides, it can also help the GPs to improve the exercise rehabilitation plans. In this study, it showed that patients could easily use the pedometer, and the results reflected patients' physical improvement. By using pedometer, AMI patients could set up their own rehabilitation plans and supervise themselves to take part in physical activities.

After this study, we found improvements of BP and BMI in rehabilitation group compared with control group, but they all had improvement in BS. Compared the effect of secondary prevention between 2 groups, rehabilitation group was better than control group. The result has close relation with the exercise rehabilitation. Although the exercise intensity of rehabilitation group was not vigorous, it was good for reducing cardiovascular risk factors. We also can't deny the important impact of comprehensive intervention in controlling the cardiovascular risk factors, such as health education and nutrition guidance. Therefore, we should pay more attention to use multiple measures in CR. In a word, comprehensive rehabilitation including exercise, health education, and psychology rehabilitation are all absolutely necessary.^\[[@R21]\]^

Above all, the community-based CR for AMI patients can improve cardiac ejection fraction, increase exercise tolerance, improve the patient\'s physical status, reduce cardiovascular risk factors. It must be emphasized that the good result should be established by the foundation of close cooperation between cardiologists and general practitioners, also the importance of cooperation of patients and their families should not be ignored. In this study the use of pedometer and 6-MWT is safe and effective, the feasibility is high by GPs in the community, it can be used as an important part of the overall treatment for myocardial infarction. The sample of this study is small, problems such as the insufficiency of health education and the training of GPs still exist, we expect more studies with large samples and multicenters of CR program to promote and improve the community-based rehabilitation program.

Treatment of AMI patients has always been the spotlight-subject. By strengthening the operability of the community rehabilitation, popularizing the application of appropriate technology, collaborating with cardiologists and community general practitioners,^\[[@R22]\]^ we can develop the continuity of rehabilitation for AMI patients to improve their prognosis, help them have a better quality of life.
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Abbreviations: 6-MWT = 6-minute walk test, AMI = acute myocardial infarction, BMI = body mass index, BP = blood pressure, BS = blood sugar, CHD = coronary heart disease, CK = creatine kinase, CKMB = creatine kinase isoenzyme MB, CR = cardiac rehabilitation, CRP = C-reactive protein, cTnI = cardiac troponin-I, DBP = diastolic blood pressure, GLU = glucose, GPs = general practitioners, HR = heart rate, LAD = left anterior descending artery, LCX = left circumflex artery, LDL-C = low-density lipoprotein cholesterol, LM = left main coronary artery, LVEF = left ventricular ejection fraction, NYHA = New York Heart Association, PCI = percutaneous coronary intervention, RCA = right coronary artery, RPE = rating of perceived exertion, SBP = systolic blood pressure, STEMI = ST-segment elevated myocardial infarction, TCH = total cholesterol, TG = triglyceride.
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